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EXECUTIVE SUMMARY

The Focused Feasibility Study (FFS) Report describes current groundwater
conditions at the NL Industries, Inc. Superfund Site (Site), located in Pedricktown, New
Jersey, and potentially applicable techniques to address groundwater impacts. The FFS
report provides recommendations for the selection of the technologies that are anticipated
to improve groundwater quality at the Site. :

The Site was formerly used by several companies for lead-acid battery recycling
and secondary lead reclamation. The processes used in battery recycling and lead
reclamation resulted in the release of acid from batteries and other materials. Some of the
materials released contained lead and cadmium, which affected groundwater. The bulk
of the lead and cadmium was adsorbed in soil. More than 150,000 tons of impacted soil
was excavated, stabilized and disposed off-Site during the remedial action for soil that
was completed in May 2003.

The remedial alternatives for groundwater evaluated in the FFS Report include
the following:

No Action;

Monitored Natural Attenuation (MNA);
Reagent Injection;

Permeable Reaction Barriers; and
Pump and Treat.

The remedial alternatives were evaluated using United States Environmental
Protection Agency (EPA) criteria. The selection of technologies for evaluation was
based primarily on the ability to implement the technologies, anticipated effectiveness,
and projected cost.

CSI Environmental, LLC 1 FFS Report
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1. INTRODUCTION
1.1 Purpose and Goal

The focused feasibility study for groundwater at the NL Industries, Inc. Superfund
Site (Site) and the remedy evaluation process described in this document is consistent
with the National Oil and Hazardous Substances Pollution Contingency Plan (NCP).! As
stated within the NCP, “[t]he purpose of the remedy selection process is to implement
remedies that eliminate, reduce, or control risks to human health and the environment.”
The goal of the process “is to select remedies that are protective of human health and the
environment, that maintain protection over time, and that minimize untreated waste.”
Thus, the focused feasibility study presented within this document was performed to
systematically evaluate potential groundwater remedies for the Site to meet the objectives
of the NCP.

1.2 Background Information
1.2.1 Site Description

The Site is located to the north of the Pennsgrove-Pedricktown Road, in
Pedricktown, Oldmans Township, Salem County, New Jersey. The Site location is
shown on Figure 1 and the Site overview is shown on Figure 2. The 44-acre (18-hectare)
Site is bordered on the south by Pennsgrove-Pedricktown Road and is bisected by an
active railroad (i.e., Conrail Right-of-Way). Approximately 16 acres (6 hectares) are
located north of the railroad, including a closed, 5.6-acre (2.2-hectare) landfill operated
and maintained by NL Industries, Inc. (NL Industries). The southern 28 acres (11
hectares) contain the former NL Industries process area and the NL Industries landfill
access road. NL Industries maintains the closed landfill area and operates the leachate
collection system.

The West and East Streams, which are reported in the Record of Decision (ROD)
for the NL Industries Superfund Site [United States Environmental Protection Agency
(EPA) 1994] to be intermittent tributaries to the Delaware River, border the Site to the
west and east, respectively. These streams are also reported by the EPA to receive runoff
from the Site. Industrial properties are located east of the former NL Industries process
area, as indicated in the Feasibility Study (FS) prepared by O’Brien & Gere Engineers,
Inc. (O’Brien & Gere), of Edison, New Jersey [1993] for NL Industries. U.S. Route 130
is located north of the Site. Several residential properties are located adjacent to and west
of the West Stream. Other properties in the general vicinity of the Site are used for
commercial, residential, agricultural, and military purposes.

140 CFR. § 300 et seq.
240 C.F.R. § 300.430(a)(1)
340 C.F.R. § 300.430(2)(1)(i)

CSI Environmental, LLC 2 FFS
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1.2.2 Site History

The Site was used for lead-acid battery recycling and secondary lead reclamation
between 1972 and 1984. NL Industries operated a secondary smelting, battery breaking,
and lead recycling facility at the Site beginning in 1972. The process involved crushing
of spent lead-acid batteries to separate the components of the batteries, draining the
sulfuric acid from the batteries, and then processing the material for lead recovery at the
smelting facility. According to the Remedial Investigation (RI) [O’Brien & Gere, 1990]
and FS reports, wastes resulting from the battery-crushing operation and slag from the
smelting process were disposed in the landfill located at the Site.

NL Industries ceased smelting operations in May 1982. In October 1982, NL
Industries entered into an Administrative Consent Order (ACO) with the New Jersey
Department of Environmental Protection (NJDEP) to remediate contaminated Site soils,
paved areas, surface-water runoff, the on-Site landfill, and groundwater. In December
1982, the Site was placed on the National Priorities List (NPL) by the EPA. National
Smelting of New Jersey (NSNJ) bought the facility and performed smelting operations at
the Site between February 1983 and January 1984. NSNIJ ceased operations in January
1984 and filed for bankruptcy in March 1984. In April 1986, NL Industries entered into
an ACO with the EPA, in which NL Industries assumed responsibility for conducting,
with EPA oversight, an RI and FS for the Site.

The EPA performed a multi-phased Removal Action at the Site beginning in
March 1989. A total of five phases of work were performed including:

PhaseI - fence installation and encapsulation of slag piles;
Phase II - additional encapsulation of slag and removal of 20 tons
of material;
Phase III - stormwater control improvements;
Phase IV - slag bin retaining walls repair; and
Phase V - removal of contaminated sediments from the West Stream.

Phase V of the EPA Removal Action was initiated in the fall of 1993 and was
scheduled for completion in the summer of 1994. In 1991 during the Removal Action,
the EPA notified potentially responsible parties (PRPs) of their potential liability for
contamination and for response costs associated with remediation of the Site.

While RI/FS activities were being performed, the EPA also divided the Site into
two operable units, (Operable Units (OUs) 1 and 2), completed a Focused Feasibility
Study (FFS) for a portion of OU2, and issued a ROD and Explanation of Significant
Differences for OU2. In response to a Unilateral Administrative Order (UAO) issued by
EPA in March 1992, a group of PRPs commenced response activities for OU2. The
response action for OU2, completed in September 1995, included off-Site reclamation of
certain lead-containing materials, solidification/stabilization and off-Site disposal of slag
and other materials, decontamination of building floors and surfaces, off-Sité treatment

CSI Eavironmental, LLC 3 FFS Report
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and disposal of contaminated standing water, building demolition, and environmental
monitoring. Activities related to OU1 are described below.

To evaluate the extent of contamination and remediation alternatives for the Site,
O’Brien & Gere performed an RI [1990] followed by an FS [1993] on behalf of NL
Industries. Based on these investigations, EPA issued a ROD in July 1994 that specified
selected remedies for remediation of soil, sediment, and groundwater at the Site. In June
1996, the EPA issued an AOC for Remedial Design (RD), which directed the
Pedricktown Site Group (“Group,” which is a coalition of several PRPs) to design the
remedy for OU1 which included soil, stream sediment, and groundwater, as specified in
the ROD. The AOC included a Statement of Work that provided requirements for the
pre-design investigation and RD activities.

The Group retained GeoSyntec Consultants (GeoSyntec) of Columbia, Maryland
to perform a pre-design field investigation and develop the RD for the Site. The RD for
soil and sediment was submitted to and approved by the EPA in January 2000. In
February 2000, the Group retained ENTACT, Inc. to perform remedial activities for soil
and sediment in accordance with the RD. ENTACT began performing the RA in June
2000. The RA was completed in May 2003. CSI performed quality assurance oversight
of the RA activities along with a representative of the Unites States Army Corps of
Engineers (ACOE), who represented the EPA’s interests.

The focus of the RA was to achieve the following Remedial Action Objectives
(RAO:s): ’

Excavate soil with lead concentrations greater than 500 parts per million (ppm);
Remove contaminated sediment containing lead concentrations greater than 500
ppm from the East Stream, West Stream and channel north of U.S. Route 130;
Stabilize the excavated soil and sediment; and

Dispose of the stabilized soil and sediment in an approved off-Site disposal
facility.

A total of 150,928 tons of treated soil and sediment were disposed of at the
Gloucester County landfill, Cumberland County landfill and the Atlantic County landfill.
The soil and sediment were treated on Site using either dolomitic lime or EnviroBlend.
The landfills utilized the treated soil and sediment as daily cover. In addition, the
concrete foundation from the former smelting facility was demolished and the concrete
removed from the Site. Approximately 10,887 tons of concrete was shipped off-Site.
Another approximately 182 tons of scrap metal, 35 tons of miscellaneous debris and 24
tons of decontaminated railroad ties were also removed from the Site during the RA.
ENTACT documented the RA efforts in an Interim Remedial Action Report [ENTACT,
July 2003].

CSI performed the initial post-RA groundwater monitoring event in January 2004
Subsequently, CSI performed a second round of groundwater monitoring at the Site in
April 2007. The post-RA groundwater sampling events were documented in two reports

CS! Environmental, LLC 4 FFS Report
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entitled Groundwater Monitoring Report produced by CSI in April 2004 and September
2007.

In addition to monitoring groundwater quality on the Site, CSI collected potable
water samples from private wells at five residences and one commercial property located
along Route 130 on three separate occasions (January 2004, April 2006 and April 2007).
The laboratory data obtained in 2007 from these residences confirmed previous
conclusions that lead and cadmium concentrations were, as stated by the EPA after the
April 2006 event, either not detectable or significantly below New Jersey drinking water
quality standards. Furthermore, after evaluating the April 2007 groundwater elevation
data (shown on Figure 3), CSI confirmed its belief that shallow groundwater in the
vicinity tends to flow toward local surface water bodies as previously reported. These
surface water bodies include the West Stream, East Stream and a series of wet areas
located between the NL Industries landfill and the Kucowski-Ahamd and Hodge
(Delaware River Landing Company LLC) properties (see Figure 3). CSI also determined
that the surface water bodies are believed to be hydrogeologic barriers to shallow
groundwater flow between the Site and the businesses and residences located along Route
130.

Monitoring wells 13, 14, 15, 16, and 17 are located at the Site (Figure 3) in the
area between the former operations areas and the residential and commercial properties
located along Route 130. Groundwater samples obtained from the monitoring wells were
also analyzed for lead and cadmium as part of the on-going groundwater evaluation of the
Site. Data from monitoring wells 13, 14, 15, 16, and 17 are provided in Table 1. As
reported on Table 1, neither lead nor cadmium was detected in the groundwater samples.

1.2.3 Nature and Extent of Contamination
Soil and Sediment

As summarized in the ROD, the results of the RI revealed that lead was formerly
detected in soil at concentrations up to 12,700 parts per million (ppm) within the NSNJ
property limit and 1,770 ppm in soil located outside of the property limit. Although
several other metals were detected in soil, lead was the most prevalent and was defined in
the ROD as the primary contaminant of concern (COC) [EPA, 1994]. Lead
concentrations in the East and West Stream sediments ranged from 5 to 59,700 PpPm,
respectively [O’Brien & Gere, 1990]. The highest concentrations were detected in the
West Stream sediment adjacent to the former facility.

Contaminated soil and sediment were excavated by ENTACT during remedial
activities that were performed from 2000 to 2003. Afier remedial activities were
completed, CSI conducted sediment sampling in the West Stream in November 2005 and
supplementary sediment sampling in June 2006 and April 2008. The results of the
sampling events were presented in three separate letter reports submitted to EPA in
January 2006, August 2006, and July 2008. Based upon these data, additional sediment
must be removed from the West Stream to meet the 500 ppm performance standard set by

CSI Environmental, LLC 5 FFS
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EPA in the ROD. However, it is not anticipated that the trace concentrations of lead that
may remain in the shallow surface sediments of the West Stream at the Site will have any
impact on groundwater. Sediment remediation is not addressed in this FFS Report.

Surface Water

During the RI, several inorganic constituents were detected in the surface water in
the East and West Streams and in the channel north of U. S. Route 130 at varying, but
generally low, concentrations. Lead, however, was detected in the surface water samples
obtained from the East and West Streams, at concentrations ranging from 10 micrograms
per liter (ug/L) to 2,200 pg/L in 1989 and at concentrations ranging from 4 pg/L to 206
ug/L in 1990, respectively. These concentrations exceeded EPA’s Ambient Surface
Water Quality Criterion of 3.2 pg/L for lead, which is the concentration that is estimated
to be protective of aquatic life based on chronic toxicity. As noted in the ROD, the EPA
anticipated that remediation of contaminated soil and sediment would also satisfactorily
address lead in the surface water.

Groundwater

The information presented in the RI indicates that the Site is underlain by three
hydrogeologic units that were identified as the unconfined (i.e., water table) aquifer, the
first confined aquifer, and the second confined aquifer [O’Brien & Gere, 1990]. In
addition to on-Site groundwater monitoring, groundwater evaluations performed as part
of the RI included sampling potable water from wells at residences along Route 130 to
the north of the Site in 1988 and 1989. Also, the EPA sampled the residential potable
wells in August 1988 and July 1989. The results of the potable well sampling events
indicated that the groundwater at the residences had not been adversely impacted.

The groundwater monitoring activities included in the RI were conducted in 1988
and 1989. At that time, fifty-two wells (on-Site and off-Site) were sampled, with the
majority of these being sampled during both events. The groundwater samples were
analyzed for antimony, arsenic, cadmium, chromium, copper, lead, selenium, chloride,
sulfate, total organic carbon, and total organic halogens. A subset of forty-four
monitoring wells was also analyzed for radiological parameters. Based upon the 1988
results, additional radiological and volatile organic compound analyses were conducted
during the 1989 sampling in specific areas to further evaluate the 1988 data.

Site-related contaminants were detected in the groundwater of the unconfined
aquifer at the Site during the RI and the data indicated that the contamination in
groundwater was limited to the unconfined aquifer. The contaminants detected in the
unconfined aquifer were comprised primarily of lead; however, volatile organic
compounds (VOCs) and radiological parameters were also detected in localized areas of
the Site. Specifically, hydrocarbon related compounds were detected in monitoring well
SD and chlorinated compounds were detected primarily in monitoring well 11. The
hydrocarbon and chlorinated compounds were anticipated to naturally attenuate in a
relatively short time frame. The radiological parameter analysis did not indicate a
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radionuclide source at the Site as there was no clear pattern of radionuclide occurrence in
the subsurface (O’Brien and Gere, 1990). It was suggested that the radionuclide source
may have been naturally occurring because of the detection of elevated gross alpha and
beta activity adjacent to clay layers at the Site. However further study was
recommended, which was later performed as described below. .

Arsenic was detected at elevated concentrations in monitoring well 2R2 during
the RI. However, monitoring well 2R2 was located in the vicinity of leachate collection
devices and leachate seeps related to the NL Industries landfill. The arsenic detected was
believed to be related to landfill leachate, which contained high concentrations of arsenic.
seeps. Other metals detected in groundwater at lower concentrations included beryllium,
chromium, copper, nickel, and zinc.

As part of the RD, the Group performed two phases of groundwater evaluations
and reported the results to the EPA in Phase I Groundwater Evaluation Technical
Memorandum (Phase 1 Technical Memorandum) [GeoSyntec, 1998] and Phase II
Groundwater Evaluation Technical Memorandum (Phase II Technical Memorandum)
[GeoSyntec, 2000]. The results presented in both documents support the findings that the
area of impacted groundwater is stationary at the Site and that the mass of contaminants
in groundwater is declining. The Phase I and II Technical Memoranda are incorporated
herein by reference.

The Phase I evaluations were conducted in September and October 1997 and
included the collection of twenty groundwater samples that were analyzed for sulfates,
VOCs, semi-volatile organic compounds (SVOCs), total and dissolved metals, cyanide,
and radiological parameters. All samples also were monitored for the water quality
parameters pH, specific conductivity, oxidation-reduction potential, dissolved oxygen,
and turbidity. The Phase I Technical Memorandum identified the relationship between
pH and the presence of lead and cadmium in groundwater. It was noted that the lower pH
groundwater historically contained more elevated concentrations of lead and cadmium.

The analytical results described in the Phase I Technical Memorandum indicated,
in general, that the concentrations of COCs in groundwater at the Site decreased since the
late 1980s when the RI was conducted. Specifically, lead concentrations in the central
portion of the Site dropped significantly. In samples obtained from monitoring well KS,
lead concentrations fell from 3,130 pg/L to 328 pg/L and in the samples obtained from
monitoring well SD, lead concentrations declined from 2,960 pg/L to 51 pg/L. Similar
reductions in the concentrations of lead and cadmium were noted across the Site.
Furthermore, it was noted that previously measured high concentrations of lead had not
migrated to downgradient locations but instead remained in the central portion of the Site.
A decline in concentrations and lack of migration were shown to be true for cadmium as
well [GeoSyntec, 1998]. :

Through the Phase I and II evaluations, cadmium and lead were again found to be
the only inorganic constituents that were detected at elevated concentrations. Several
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other inorganic constituents were detected at isolated locations, but they were not
detected at concentrations that warranted further action. Based upon the Phase I data, it
was recommended that the only inorganic constituents to be evaluated during the Phase 11
evaluations should be total lead and cadmium.

The VOC and SVOC concentrations in groundwater reported in the Phase I
Technical Memorandum were lower than the concentrations reported during the RI with
the exception of vinyl chloride at well 12. The decreased concentrations for all other
VOCs and SVOCs support the conclusion presented in the RI that these compounds
would naturally attenuate. Because of the lack of detection of SVOC constituents, the
Phase I Technical Memorandum included a recommendation that there was no need to
analyze the groundwater for SVOCs during the Phase II evaluations.

The radiological parameter results presented in the evaluations performed and
reported as part of the Phase I Technical Memorandum were equivocal as they contained
a high degree of uncertainty (i.e. large margin errors). In general, the measured
occurrence of radiological isotopes decreased from those measured in 1988 and 1989.
However, because the data were equivocal, it was recommended in the Phase I Technical
Memorandum that further evaluation of radiological parameters be included in the Phase
HI evaluations.

The evaluations that culminated in the Phase II Technical Memorandum were
designed to close data gaps identified in the Phase I Technical Memorandum and to
further assess potential remedial alternatives for groundwater. Specifically, the
evaluations included (i) the installation of additional monitoring wells as recommended
by the EPA; (ii) sampling of on-Site and off-Site monitoring wells, including potable
groundwater from residential wells along Route 130; (iii) assessment of the former septic
beds as a potential source of contamination; (iv) aquifer testing; (v) evaluation of the
likely capture zone of groundwater extraction wells, if they were installed; (vi)
geochemical evaluation of Site subsurface soils; and (vii) groundwater flow and transport
modeling [GeoSyntec, 2000]. The results of these Phase II evaluations are discussed
below and in Section 1.2.4, Contaminant Fate and Transport.

To investigate areas of the Site that had not been previously studied, twelve new
monitoring wells were installed. The wells were installed in locations and at depths
recommended by the EPA. During the Phase II evaluations, the twelve new monitoring
wells were sampled along with twelve existing wells using low-flow sampling
techniques. The samples were analyzed for VOCs and total and dissolved lead and
cadmium. The new monitoring wells and Exxon Well No. 2 were also analyzed for
radiological and general chemistry parameters. In addition, during purging and sampling
activities, the water quality parameters pH, temperature, specific conductivity, oxidation-
reduction potential, dissolved oxygen, and turbidity were monitored.

Significant findings of the Phase II evaluations were related to pH and turbidity.
An analysis of the trends in historical groundwater pH, as depicted in a seties of figures
presented in Appendix D, showed that the area of low groundwater pH was decreasing.
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As the groundwater pH trends upward to more neutral conditions, the area of impacted
groundwater containing lead and cadmium decreased and is anticipated to continue to
decrease. Additionally, the relationship between turbidity and analytical data (which
showed that as the turbidity of groundwater samples increased, the concentrations of total
lead and cadmium also increased) was further demonstrated.

The analytical results for VOCs presented in the Phase II Technical Memorandum
confirmed the findings of the Phase I Memorandum and the RI. Concentrations of VOCs
continued to decline relative to previous sampling events. The only exception was the
detection of vinyl chloride in monitoring wells 12 and 24. Monitoring wells 12 and 24
are screened in the first confined aquifer and are closest to the nearby Exxon property.
The vinyl chloride detections were believed to be unrelated to the Site as no Site uses are
known sources of vinyl chloride or related chlorinated organic compounds. The Exxon
property is listed in the NJDEP Known Contaminated Sites in New Jersey for Salem
County, Seventh Edition (Spring 2006) and is also mentioned along with B.F. Goodrich in
the ROD for the Site as a neighboring industrial facility in the vicinity of these wells.

Additionally, an investigation of the former septic beds, located in the
southwestern comner of the Site along the Pennsgrove-Pedricktown Road, was conducted
to determine if the septic system beds were a potential source of VOCs downgradient of
this location. Soil samples were obtained from borings drilled into the former septic
beds. Monitoring wells 31 and 32 were installed adjacent to and downgradient from the
septic beds.. The results of the septic bed investigation revealed no significant VOC
detections in soil or groundwater samples.

The inorganic analyses presented in the Phase II Technical Memorandum also
confirmed the results provided in the Phase I Technical Memorandum and the RI. The
Phase II data showed concentrations of lead in groundwater above the RAO at five
monitoring wells including OS, SD, 27, 28 and 30. Concentrations of cadmium in
groundwater above the RAO were detected at 12 of the 24 monitoring wells sampled.
The concentrations of lead and cadmium detected during the Phase II evaluation were
generally lower than their respective concentrations found during the prior investigations.

To further evaluate the trend, zones of impact were depicted for historical data
similar to those shown on Figures 4 and 5. The zones of impact and the concentrations of
lead and cadmium within the zones of impact were used to calculate the approximate
masses of lead and cadmium remaining in groundwater at the Site. The mass of lead in
groundwater at the Site was estimated to have declined from approximately 220 Ibs in
1983 to 8.8 Ibs in 1998. The mass of cadmium in groundwater at the Site was estimated
to have declined from approximately 70.5 Ibs in 1988 (earliest available cadmium data)
to 14.1 Ibs in 1998 [GeoSyntec, 2000].

The results of the Phase II potable well sampling conducted at the residences
along Route 130 varied slightly from the results of the Phase I Memorandum and RI
studies. The residential sampling event resulted in the detection of total lead at
concentrations above the RAQ at three residences. However, the RAO was not exceeded
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for dissolved lead or total or dissolved cadmium at any of the residences. The lack of
cadmium, which is the more prevalent constituent at the Site, in the samples obtained
from the residential wells and the inconsistent detection of lead in any residential well
indicated that the wells had not been adversely affected by any impacted groundwater at
the Site.

Radiological parameters were detected in only samples obtained from deep-zone
wells during the Phase II evaluations, which led to the conclusion that the radiological
parameters are naturally occurring and not related to former Site uses. With supporting
data presented by O’Brien and Gere during the RI in 1990, it was concluded that there
was no need to continue to address radiological parameters and they were eliminated
from further evaluation.

The Phase I and Phase II Technical Memoranda concluded that, based on the
groundwater data obtained, only lead and cadmium needed to be addressed as part of
subsequent evaluations and remedial actions for groundwater at the Site. Therefore, the
COCs for additional investigations were limited to lead and cadmium. VOCs
(specifically chlorinated solvents and their degradation products) were also monitored
even though they are not believed to require remediation. VOCs were determined to be
naturally attenuating, as evidenced by lower concentrations relative to previous sampling
events, and no active remediation for VOCs was deemed necessary. The data and results
presented in the Phase I and Phase II Technical Memoranda are relevant to the selection
of a remedial alternative for groundwater at the Site.

Following the completion of remedial activities for soil at the Site, the Group
conducted groundwater sampling activities in January 2004 and April 2007 in accordance
with EPA-approved work plans. The results of the post-RA groundwater sampling were
presented in two reports entitled Groundwater Monitoring Report prepared by CSI in
April 2004 and September 2007. Figures 4 and 5 depict the current and historical limits
of groundwater impacted by concentrations of cadmium and lead exceeding applicable
NJGWQSs, respectively. A summary of historical lead, cadmium, and VOC data for the
monitoring wells at the Site is provided in Table 2. Figure 6 depicts the lead and
cadmium concentrations in the groundwater from wells sampled during the April 2007
monitoring event, which is the most recent groundwater data obtained from the Site.

VOC analyses were also performed on the groundwater samples obtained by CSI
in 2004 and 2007. As indicated above, the historical lead, cadmium, and total VOC data
for the Site are presented in Table 2. An analysis of historical total VOC concentrations
at the Site shows that the only significant concentrations of VOCs were detected at
- monitoring well 11 starting in 1989 (total VOC concentration of 5,124 pg/L). Additional
VOC concentrations appeared at well BR in 1990 (total VOC concentration of 89.3
ng/L). Well BR is located in close proximity to monitoring well 11.

As of April 2007, the total VOC concentration at monitoring well 11 decreased to
5.86 pg/L (from 5,124 pg/L in 1989) and at well BR, the total VOC concentration
decreased to non-detect (from 89.3 pg/L in 1990). Only one VOC was detected in the
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groundwater sample from well 11 in April 2007 at a concentration that exceeds a New
Jersey Groundwater Quality Standard (NJGWQS). Tetrachloroethene (PCE) in the
sample from well 11 was detected at a concentration of 1.1 ng/L. The NJGWQS for PCE

is 1 pg/L.

In addition, vinyl chloride was detected at low concentrations of 9.3 and 4.9 pg/L
in the groundwater samples obtained during the April 2007 sampling event from wells
MW-12 and MW-24, respectively. MW-12 and MW-24 are screened in the first confined
aquifer. Both wells are located at the eastern and hydraulically up gradient edge of the
Site, adjacent to the property used by the former Tomah Division of Exxon. VOCs are
known to have been released by others into the environment at the former Tomah
Division of Exxon property and are the likely sources of vinyl chloride at the Site.

Trace concentrations of hydrocarbon related compounds (ethylbenzene, toluene
and xylenes) and chloroform have historically been detected at well SD. However, the
April 2007 data indicated a total VOC concentration of 5.23 pg/L in the groundwater
sample obtained from well SD. The detections of VOC compounds at well SD have
declined to virtually non-detect levels.

The primary COCs for groundwater as defined by EPA on Table A of the 1994
ROD for the Site are: arsenic, beryllium, lead, 1,2-dichloroethane, 1,1-dichloroethylene,
PCE and vinyl chloride. Based on the minimal VOC concentrations detected during
intervening sampling events, as discussed above, VOCs in groundwater at the Site will
continue to be monitored until a decision is made that no further sampling for VOCs is
necessary. However, the presence of VOCs in groundwater is minor and unlikely to
warrant remedial action. Arsenic and beryllium were eliminated from groundwater
sampling at the Site, with the approval of the EPA, subsequent to the Phase I Technical
Memorandum. Arsenic and beryllium were only detected in isolated areas and were thus
not considered to be drivers for subsequent groundwater remedial actions. Therefore, the
only remaining COC from the EPA list of COCs that may warrant remedial action is lead.

Cadmium, although not listed as a COC on Table A of the 1994 ROD, is included
herein for evaluation purposes as it is the only constituent other than lead that continues
to be present at concentrations in groundwater that warrants further consideration
regarding potential remedial action. Therefore, the remainder of this FFS Report focuses
on lead and cadmium in groundwater.

As mandated by the ROD, the RAOs for groundwater at the Site are to restore the
impacted, unconfined aquifer to drinking water standards. Drinking water standards are
defined as the most stringent of the New Jersey Maximum Contaminant Levels
(NJMCLs), NJGWQSs, Practical Quantitation Limits (PQLSs) or the Federal Maximum
Contaminant Levels (MCLs). The drinking water standards are listed in Table F of the ?

1994 ROD (Appendix A). Completion of remedial activities for groundwater at the Site HUUJ OQO
will need to include a demonstration that RAOs have been met for all constituents listed (
in Table F of the 1994 ROD (Appendix A). w2 %M
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124 Contaminant Fate and Transport

Inorganics

The fate of lead and cadmium in groundwater is related to the pH of groundwater.
As the pH levels in the central portion of the Site (particularly near wells OS, SS/SD and
KS/KD) naturally increase to ambient levels, it is anticipated that lead and cadmium will
be less soluble and undergo natural geochemical reactions including adsorption onto soil.
Current and historic pH levels in groundwater are shown in Appendix D. The figures
demonstrate gradual increases in pH levels in groundwater at the Site. The discussions
that follow identify some of the factors that affect the rate and amount of lead and
cadmium that will adsorb onto soil.

The presence of iron and manganese oxide/hydroxide coatings on soil particles in
the subsurface at the Site were identified through detailed thin section petrography and
bulk and clay X-ray diffraction performed by Core Laboratories and presented in the
Phase II Technical Memorandum. The Core Laboratory report, included as Appendix B
and described in the Phase II Technical Memorandum, provides supporting information
related to the tendency of inorganic constituents like lead and cadmium to adsorb onto
soil and thus have very limited mobility in the subsurface.

Soil samples obtained as part of the Phase II evaluation during the installation of
monitoring wells 26, 28, and 29 from the watet column near the top of the water table
were used for the Core Laboratory analysis. The evaluation was conducted as
recommended by the EPA’s National Risk Management Research Laboratory following
the review of the Phase I Technical Memorandum in 1998. The iron and manganese
oxide/hydroxide coatings in the soil provide adsorption capacity for lead and cadmium
that is anticipated to precipitate out of groundwater or otherwise adsorb onto soil or into

~ soil coating at the Site.

The adsorption capacity of the aquifer materials at the Site was further identified
through calculation of the cation exchange capacity (CEC) of the same soil samples
analyzed by Core Laboratories, as described above. The CEC analysis was performed by
Toxscan, Inc./Soil Control Lab and the data are included in Appendix C. The capacity of
aquifer material to adsorb lead,* for example, was determined to significantly exceed the
amount required for the Site. The same is true of other inorganic constituents including
cadmium. The transfer of lead and cadmium from groundwater to aquifer materials at the
Site is desirable because it does not create any concerns regarding soil quality. For
example, as stated in the Phase II Technical Memorandum “if all of the lead detected in
groundwater at the Site were sorbed onto aquifer material, then the resultant change in
inorganic concentration in soil would be on the order of one to two ppm...... A similar
relationship is true for cadmium.” With the decreased groundwater concentrations of

*Aquifer adsorption capacity was estimated using the relationship identified in Behavior of Lead in Soil
(Zimdahl and Skogerboe, 1977). For example, the aquifer material at the Site has the capacity to adsorb
lead up to a concentration of 5,000 mg/kg, which exceeds by an extraordinarily large margin the amount
required to achieve RAOs for groundwater. '
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lead and cadmium detected in 2007, the increase in lead and cadmium concentrations in
soil resulting from adsorption, would be in the parts per billion to parts per million range.
As discussed in Sections 3.2.2, 3.3.2, and 3.4.3, once adsorption to soil occurs lead and
cadmium are virtually permanently removed from groundwater, barring some extreme,
unforeseen circumstance like grossly acidifying the aquifer.

In addition to addressing the mechanisms which determine the fate of lead and
cadmium, as described above in Section 1.2.3, several studies were conducted during the
Phase II evaluation that also addressed the lack of mobility of lead and cadmium in
groundwater. The initial step in assessing the mobility and thus the lack of transport of
inorganic constituents by groundwater was to perform an aquifer test. A pumping well
and an observation well were installed for testing purposes. The aquifer test included
ambient water-level monitoring; a variable-rate pumping test (step test) and a 72-hour
constant-rate pumping test (CRT) [GeoSyntec, 2000]. Throughout the course of the
CRT, the pH and turbidity of the groundwater were monitored, and samples were
collected for analysis of lead, cadmium, and general chemical parameters.

The analytical results from the aquifer test indicated that the concentrations of
lead and cadmium declined during the course of the CRT to levels that are too low to
effectively remove mass from the subsurface. Lead concentrations were below detectable
levels at the conclusion of the CRT and cadmium concentrations steadily declined. It
was estimated that the cadmium concentrations would have declined below detectable
levels within 12 to 15 days of pumping, but not as a result of removing it from the
subsurface, but only as a consequence of the inability to capture cadmium through
groundwater extraction. Based upon these data, it was calculated that it would take
between 50 and 60 years of aggressive pumping to remove a reasonable amount of the
mass of the lead and cadmium from the Site by extracting groundwater. Additional
discussion of the aquifer test is provided below and in Section 3.6.2 as part of the
evaluation of the pump and treat remedial alternative.

The hydraulic parameters obtained during the performance of the aquifer test
were subsequently used to prepare and refine a capture zone model for the Site. The
capture zone model was developed as requested by the EPA for inclusion in the remedial
design for groundwater at the Site. The capture zone model was created using
MODFLOW [McDonald & Harbaugh, 1983]. The model was calibrated using data
obtained through the aquifer test and data previously reported (e.g., Geraghty and Miller,
1983, O’Brien and Gere, 1990). The uppermost portion of the unconfined aquifer was
modeled as it is the principally impacted zone. Several simulations were run after the
model was calibrated. The most representative simulation indicated that pumping
through well PW would capture the majority of the groundwater within the impacted area
in less than one year. However, the ability to capture groundwater is entirely different
from the ability to remove lead or cadmium, because they do not migrate appreciably
with groundwater.

Subsequent to the capture zone modeling, the results were used to perform fate
and transport modeling using MT3DMS. Using this model, two separate simulations
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were performed for both lead and cadmium. The lead simulations reflected the 1983 to
1989 and 1989 to 1998 timeframes. The cadmium simulations reflected the beginning of
1989 to the end of 1989 and also 1989 to 1998. These simulations included pH values
obtained during the 1983 and 1997 sampling events. Starting concentrations for lead
were based upon the 1983 sampling results. Starting concentrations for cadmium were
based upon the 1989 sampling results. The model predicted that lead and cadmium
would not be significantly transported and that the adsorption of lead and cadmium to soil
due to varying geochemical conditions as water from other areas was drawn into the

"impacted area rendered the inorganic constituents immobile. Simulated groundwater
pumping from well PW resulted in no observable effect on the concentration or
distribution of lead and cadmium. Subsequent groundwater data have verified that lead
and cadmium are immobile as zones of impact have decreased, but not moved.

VOCs

As previously indicated, VOCs have historically been detected in wells 11, 12,
BR, SD and 24 at the Site. The detections of vinyl chloride at wells 12 and 24 are
believed to be related to impacts from a neighboring facility. The concentrations of vinyl
chloride have decreased slowly since 1998 at these wells. A concentration of vinyl
chloride of 13 pg/L was reported in well 12 in 1998 and was detected in 2007 at a
concentration of 9.3 ug/L. Vinyl chloride is the end degradation product of PCE and
remains fairly persistent in groundwater. Therefore, the trend of slowly declining
concentrations of vinyl chloride at wells 12 and 24 is expected to continue. There is no
evidence to suggest that the vinyl chloride is migrating beyond well 24.

During the 2007 sampling event, the VOCs previously detected in groundwater
. samples obtained from wells 11 and BR were not detected at well BR and had decreased
to nearly undetectable concentrations at well 11. Detections of chloroform, ethylbenzene,
toluene, and xylenes were found at well SD in 2007. The concentrations of these
compounds were well below applicable NJGWQSs and these compounds are readily
biodegradable. Therefore, the VOC concentrations at well SD are expected to naturally
attenuate to below detectable limits in the near future. Therefore, although continued
monitoring for VOCs should be conducted until the RAOs have been met; no remedial
action is warranted for VOCs.

1.2.5 Baseline Risk Assessment

The unconfined aquifer at the Site is considered a Class II aquifer in the state of
New Jersey. Groundwater in a Class II aquifer can theoretically be used for potable
water with appropriate treatment. Currently, on-Site groundwater quality is inadequate
for use as potable water. Therefore, the reasonably likely future-use scenarios for the Site
will require at least temporary restrictions on the use of groundwater at the Site, thus
mitigating the potential for human exposure.

A baseline risk assessment was conducted as part of the RI (O’Brien and Gere,
1990). It was conducted using COC concentrations from samples collected in 1989,
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which contained much higher concentrations than are now present at the Site.

Additionally, the baseline risk assessment includes a statement to the effect that the

potential for future off-Site risks presented therein were overly conservative because the M

risk assessment considered on-Site groundwater concentrations in assessing off-Site risks. M/:;J:
Assessment of risk conducted as part of the Phase I and II Technical M

Memorandums [GeoSyntec, 1998 and 2000] was performed as a pathway analysis and it {4f PJ{, ;

indicated: (i) no off-Site risks currently exist or will exist in the future, because there is - %
no pathway between on-Site constituents and any possible off-Site receptors as the lead

b

and cadmium were shown not to be migrating; and (ii) any possible exposure to
constituents in groundwater mrevented through the use of institutional controls.

Based on a lack of/ofE-Site ﬁsk§ due to a lack of pathways between on-Site '*6"'/
groundwater containing COCs and off-Site locations, combined with the ahility to restrict o
on-Site use of groundwater impacted by COCs, remedial action (other than institutional 9/

controls and momitoring) is not absolutely necessary. However, it may be desirable to
speed the improvement of groundwater quality and shorten the period of time required
for groundwater use restrictions by implementing remedial afﬁt_ion's.

oo 4 Pt
OU/M’
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2. IDENTIFICATION AND SCREENING OF TECHNOLOGIES
2.1 Overview

Groundwater sampling has been performed at the Site since 1983. Based on
groundwater data collected during the RI, RD, and subsequent monitoring events
performed in 2004 and 2007 after the soil remediation was completed (the data are
summarized in Section 1.2.3 above), CSI and the Group in consultation with EPA
representatives identified the five most viable groundwater alternatives for the Site. The
remedial alternatives chosen for evaluation in this FFS include the following:

No Action;

Monitored Natural Attenuation (MNA);
Reagent Injection;

Permeable Reaction Barriers; and
Pump and Treat.

These alternatives were presented to the EPA in a draft outline for this FFS in
March 2007.

22

Remedial Action Objectives

RAOs are quantitative goals for reducing human health and environmental risks
and/or meeting established regulatory requirements at the Site. Applicable or Relevant
and Appropriate Requirements (ARARs) were used to define RAOs.

Based on current data and evaluations of potential risk, lead and cadmium in
groundwater were identified as being the primary COCs. However, Table A of the 1994
ROD (EPA, 1994) for the Site lists arsenic, beryllium, lead, 1,1-dichloroethane (1,1-
DCA), 1,1-dichloroethylene (1,1-DCE), PCE, and vinyl chloride (VC) as the COCs in
groundwater. The Group considers cadmium to be a COC because of its presence in
groundwatet at concentrations that exceed applicable New Jersey drinking water
standards. The prithary risk to human health at the Site is through potential ingestion of
affected groundwater as described in Section 1.2.5.

The RAO for groundwater at the Site as specified in the ROD [EPA, 1994] is “to
festore the contaminated unconfined aquifer to drinking water standards for all
contaminants” using ARARs. Therefore, after remedial actions for groundwater are
completed, groundwater at the Site must contain Site-related contaminants at
concentrations that are less than the most stringent of NJMCLs, NJGWQSs, PQLs, or
MCLs, as discussed above in Section 1.2.3. Table F from the ROD (EPA, 1994), which
is included in Appendix A, details the extended list of constituents that may impact
groundwater at the Site along with their applicable standards, the lowest of which is
considered the RAO for that constituent.
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For the purpose of selecting a remedy for the Site, the primary COCs of lead and
cadmium will drive the remedy selection process. Although all RAOs must be met
subsequent to the remedial action, this FFS focuses on lead and cadmium and the
remedial alternatives that are best suited to remediate those constituents in groundwater.
Accomplishing RAOs for lead and cadmium will also result in the achievement of RAOs
for other COCs, as all of the COCs are subject to declining concentrations in groundwater
by both natural attenuation and response to remedial activities. The RAOs for lead and
cadmium are 5 pg/L and 4 pg/L, respectively.

The criteria used to evaluate achievement of the RAOs are based on NIGWQSs
(NJAC 7:9C) for lead and cadmium. Groundwater with concentrations of lead and
cadmium less than 5 pg/L and 4 pg/L, respectively, will be considered to have met all
remediation requirements and achievement of the RAOs. The practical quantitation limit
(PQL) is the lowest concentration that can be reliably detected by a laboratory during
routine laboratory operating conditions as established by NJDEP as part of the
NJGWQSs. The PQL for lead is 5 pg/L and for cadmium it is 1 pg/L. Therefore, the
RAOs for lead and cadmium are demonstrably attainable using standard laboratory
methods. All other RAOs for groundwater will be addressed subsequent to remedy
selection, implementation, and post-remediation groundwater monitoring.

2.2.1 Applicable or Relevant and Appropriate Requirements (ARARs)

ARARS can be divided into three general types. Chemical-specific ARARS set
limits on concentrations of specific hazardous substances, pollutants and contaminants in
the environment. Examples of these types of ARARs are drinking water standards and
ambient water quality criteria. Location-specific ARARs set restrictions on certain
activities based on their location (i.e. wetlands, floodplains, historic sites, etc). These
ARARSs generally apply to most alternatives as they are based on the location of the site.
Finally, action-specific ARARs place restrictions on the technologies used for remedial
action. The Resource Conservation and Recovery Act (RCRA) regulations for waste
treatment, storage, and disposal are an example of such action-specific ARARs.

Potential Chemical Specific ARARs:
Federal
e Clean Water Act, Water Quality Criteria
RCRA Ground Water Protection Standards (40 CFR Part 264.94)
e Federal Water Quality Criteria (51 Federal Register 436665)

New Jersey

e New Jersey Ground Water Quality Standards (NJGWQS) (NJAC 7:9-6)
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' Potential Action Specific ARARs

Federal

e RCRA Groundwater Monitoring and Protection Standards (40 CFR 264,
Subpart F)

e Clean Water Act — NPDES Permitting Requirements for Discharge of
Treatment System Effluent (40 CFR 122-125)

e EPA Action Level for Lead in Drinking Water

New Jersey

e New Jersey Pollutant Discharge Elimination System Regulations
(NJPDES) and Effluent Limitations (NJAC 7:14A et seq)

Potential Location Specific ARARs

Federal

Fish and Wildlife Coordination Act (16 USC 661 et seq.)
National Environmental Policy Act (42 USC 4341 et seq.)
Natural Historic Preservation Act

Endangered Species Act

Coastal Zone Management Act

Farmland Protection Policy Act

~ New Jersey

e New Jersey Rules on Coastal Resources and Development (7:7E-1.1 et
seq.)
e .New Jersey Freshwater Wetlands Regulation

Based upon previous work conducted at the Site and the ROD, the most
reasonable of the above ARARs is the NJIGWQSs for lead (5 pg/L) and cadmium (4
pg/L). The other ARARs listed above are considered for all alternatives and are
discussed where applicable below.

2.2.2 Development of Remedial Goals

The RAO for groundwater is to restore the groundwater in the unconfined aquifer
to drinking water standards for all chemicals of concern as listed in Table F of the ROD
[EPA, 1994], included in Appendix A. The FFS is focused on lead and cadmium in
groundwater, because they are the only constituents that currently exceed an applicable
.: standard that may reasonably be expected to continue to exceed standards for an extended

period without remediation. Therefore, the remedial goal for this FFS is to achieve

CS1 Eavironmental, LLC 18 FFS Report
www.contactesi.com ' 9/8/2008




Focused Feasibility Stiudy
NL Industries Site
Pedricktown, New Jersey

concentrations of lead and cadmium in groundwater across the Site that are below 5 pg/L
and 4 pg/L, respectively.

2.2.3 Amounts of Groundwater and COCs to be Remediated

There are approximately 25 million gallons of groundwater at the Site impacted
by cadmium and 5.5 million gallons of groundwater impacted by lead at concentrations
exceeding the NJGWQS. The impacted water is located in the main Site area as depicted
on Figures 4 (cadmium) and 5 (lead). The volume of impacted groundwater was
calculated using the most recent April 2007 groundwater data. The depth of impacted
groundwater was conservatively estifhated to be 40 feet and the areas impacted are shown
in Figures 4 and 5, res;’)ectively.5 A porosity of 30% was used in the volume calculation.

Using the April 2007 data, CSI determined the current mass of lead remaining in
groundwater at the Site to be approximately 1.2 pounds, and the approximate mass of
cadmium remaining in groundwater at the Site is 6.2 pounds.

23  General Response Actions

General response actions are the broad categories of actions that may be taken to
satisfy RAOs at a particular site. The following are the general response actions
considered for this Site.

2.3.1 No Action

The no action alternative is required to be considered by the National
Contingency Plan (NCP-40 CFR Part 300.430 [€][6]) to provide a baseline against which
all other remedial actions can be compared. This remedial alternative would not change
the status of the Site, and no actions would be taken to limit the potential for exposure to
impacted groundwater at the Site.

2.3.2 Monitored Natural Attenuation

MNA is a response action for which no active remediation is performed. Rather,
natural biochemical reactions are allowed to passively remediate groundwater. The
constituents are immobilized through various natural conditions such as dilution,
volatilization, adsorption, biodegradation, and chemical reactions with subsurface
materials. These natural attenuation mechanisms can be modeled and predicted using
various techniques. MNA includes groundwater monitoring to verify the rate of
attenuation that is occurring.

5 The approximate area of lead impacted groundwater covers approximately 182,685 sq ft. The
approximate area of cadmium impacted groundwater covers approximately 1,009,800 sq . See Figures 4
and 5 for the areas of imipact.

CSI Environtiiental, LLC 19 FFS Report
www.contactesi.com 9/8/2008




Focused Feasibility Study
NL Industries Site
Pedricktown. New Jersey

2.3.3 In-situ Treatment

In-situ treatment is a response action that immobilizes or teduces the toxicity
and/or volume of the constituents in groundwater without extraction. The action relies
upon physical/chemical or biological means to alter the constituents in groundwater thus
reducing their toxicity, mobility, or volume. This response action includes extensive
groundwater monitoring to determine the effectiveness of the in-situ treatment method
prescribed. The in-situ treatment methods considered in this FFS include reagent
injection and permeable reaction barriers.

2.3.4 Collection/Extraction

Collection or extraction of groundwater typically involves pumping groundwater
from collection trenches or wells. Through pumping of the groundwater, the mobility of
the impacted water is reduced by changing the localized hydraulic gradient. An
appropriate groundwater collection/extraction technology is dependent upon the type of
constituents impacting groundwater, aquifer characteristics, depth of impacts, ability to
extract the COCs from the aquifer using pumping techniques, and the remedial
objectives. The collection/extraction technology is typically combined with treatment
and discharge technologies.

2.3.5 Ex-situ Treatment

Ex-situ treatment response actions seek to reduce the mobility, toxicity, or volume
of groundwater impacts through chemical, biological, or physical processes. Ex-situ
treatment technologies are dependent on the ability to extract the COCs from the aquifer
using pumping techniques. Treatment to reduce the toxicity or mobility of the COCs is
then employed prior to discharge of the groundwater. Automated systems are typically
employed to monitor the rate of extraction, apply the treatment technology, and monitor
the effluent to ensure that impacted waters are not discharged inappropriately. Discharge
technologies are employed to safely return the treated water to the environment.

2.3.6 Disposal/Discharge

Disposal/discharge technologies facilitate the safe return of treated water back to
the environment. The disposal/discharge options typically include injection wells,
discharge to publicly owned treatment works, discharge to surface water, discharge to
recharge basins/infiltration galleries and discharge to public water systems. These
methods are regulated through various effluent permits and require monitoring to ensure
that treated waters meet applicable requirements.

The general response actions were used by the Group and CSI in developing
potential remedial alternatives for the Site. '
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2.4  Identification and Screening of Technology Types and Process Options

The remedial action technologies discussed in this FFS were selected based on
their ability to reduce the risk to human health and the environment from exposure to lead
and cadmium in groundwater. Based on the limited potential for exposure, remediation
technologies do not need to have an immediate endpoint to be effective. However, faster-
acting technologies are favored to eliminate risk and cost effectively.

2.4.1 Identification and Screening of Technologies

The technologies identified for further consideration in this FFS have been
identified through multiple studies as outlined in Section 1.2.3 above and with input from
EPA representatives. Feasibility studies must include consideration of the no action
alternative.  Monitored natural attenuation (MNA) and reagent injection were
recommended in the Phase IT Technical Memorandum [GeoSyntec, 2000]. Groundwater
pumping and treating was specified in the ROD and is therefore considered in this FFS.
However, based on GeoSyntec’s aquifer test performed in 1998 [GeoSyntec, 2000], the
pump and treat altefnative would ordinarily have been eliminated in the initial screening
because of its lack of effectiveness. However, because it was the ROD selected remedy,
a description of the pump and treat remedy and its evaluation is included in Section 3.6
for completeness. The remaining alternative to be considered is permeable reaction
barriers (PRBs), which was recommended for consideration by EPA representatives.

2.4.2 Evaluation of Alternatives

The evaluation of remedial alternatives is discussed in detail in Section 3 and
follows the format outlined in 40 CFR § 300.430(¢) (7). Each technology was screened
initially using three principle criteria: effectiveness, implementability, and cost. Each
~ technology that was retained following initial screening is further evaluated in this FFS
using nine additional criteria, which include:

Threshold Criteria }
1. Overall Protection of Human Health and the Environment
2. Compliance with ARARs

Primary Balancing Criteria

3. Long-Term Effectiveness and Permanence
4, Reduction of Toxicity, Mobility, or Volume
5. Short-Term Effectiveness

6. Feasibility to Implement

7. Cost

Modifying Criteria
8. State/EPA Acceptance
9. Community Acceptance
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3 EVALUATION OF ALTERNATIVES

31 Overview

In accordance with 40 CFR § 300.430(¢) (7), the development of the remedial
alternatives was guided by the following initial screening criteria:

e Effectiveness — the ability of an alternative to eliminate or reduce risks to human
health and the environment by reducing toxicity, mobility, and/or volume in a
reasonable period of time;

e Implementability — the capability of the alternative to be technically feasible
given the availability of the technologies each alternative would employ; and

e Cost — the practicability of the alternative given the costs of construction and any
long-term costs of operation and maintenance (O&M) activities.

The short- and long-term aspects of these factors were considered during the
remedial alternative selection process. Alternatives deemed to be significantly less
implementable or more costly than comparably effective alternatives were eliminated
from consideration.

After the selection of remedial alternatives, each .alternati_ve was evaluated and
compared using the nine evaluation criteria required by 40 CFR § 300.430(e)(9). A
discussion of the criteria used to evaluate each alternative is provided below.

3.1.1 Threshold Criteria

'Overall Protection of Human Health and the Environment

Alternatives were further evaluated based on their ability to protect human health
and the environment in both the short- and long-term by eliminating, reducing, or
controlling possible exposures to lead and cadmium in groundwater at concentrations
exceeding RAOs,

Compliance with ARARs
The ability of alternatives to meet all applicable and relevant federal, state, and
local environmental requirements (ARARs) was assessed for each alternative. The use of

a waiver under 40 CFR § 300.430(f)(1)(ii)(C) was considered, where applicable.
3.1.2 Primary Balancing Criteria
Long-Term Effectiveness and Permanence
The long-term effectiveness of the alternatives was assessed along with the degree

of certainty that the alternatives will prove successful. This was evaluated by considering
the magnitude of constituents remaining in groundwater upon conclusion of remedial
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activities and the adequacy and reliability of any control measures necessary to address
constituents remaining in groundwater.

Reduction of Toxicity,; Mobility, or Volume

The degree to which the alternative reduces toxicity, mobility, and/or volume was
assessed. The factors considered include: the processes employed; the amount of
constituents to be addressed; the degree of expected reduction of toxicity, mobility,
and/or volume; the degree to which the treatment is irreversible or permanent; the type
and quantities of any residual wastes, if any; and the degree to which remedy
implementation reduces risks to human health or the environment.

Short-Term Effectiveness

The short-term impacts were evaluated based on the risks posed by the
implementation of the altemative, including the potential impacts on workers, the
community, and the environment during remedial activities, and the time until protection
is achieved.

Feasibility to Implement

The ease or difficulty of implementing the alternative was considered. The
factors impacting this consideration include: technical feasibility, including difficulties
and unknowns; administrative feasibility, including coordination with all parties and the
time involved in obtaining approvals and permits; and the availability of services and
materials necessary to implement the alternative. ’ :

Cost
Costs were evaluated for each alternative. The costs included in the evaluation

include capital costs, annual O&M costs and the net present value of capital and O&M
costs.

3.1.3 Modifying Criteria
State/EPA Acceptance

State and/or EPA acceptance will be assessed upon receipt of comments to the
FFS Report.

Community Acceptance
Anticipated community concerns were considered as part of the remedial

alternative selection process, such as the timeframe required to meet RAOs, potential
future uses of the Site, and the likelihood that implementation of the remedy would
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impact the commuhity (e.g. any discharges to the environment). The EPA will address
community comments during the public review process.

32 No Action — Alternative 1

3.2.1 Description of No Action Alternative

The no action alternative involves no remedial action being taken specifically to
address lead and cadmium in groundwater. Progress reporting as outlined in the ROD
would continue to be applicable. However, no groundwater data would be obtained to
monitor changes in groundwater quality or progression toward remedial goals. This
alternative would involve institutional controls restricting the use and access to
groundwater at the Site for as long as lead and cadmium concentrations in groundwater
exceeded RAOs.

3.2.2 Evaluation of No Action Alternative

Threshold Criteria
Overall Protection of Human Health and the Environment
This alternative, although it does not include active remediation, would provide
protection of human health and the environment based upon historical data that indicates
that concentrations of lead and cadmium in groundwater are essentially immobile and are
decreasing over time. Thus, the concentrations of lead and cadmium would eventually

decline to RAOs. In the meantime, institutional controls would prevent access to
impacted groundwater.

Compliance with ARARs

The following chemical-specific ARARs were identified for the no action
alternative:

Potential Chemical Specific ARARs:
Federal
o Clean Water Act, Water Quality Criteria
RCRA Ground Water Protection Standards (40 CFR Part 264.94)
e Federal Water Quality Criteria (51 Federal Register 436665)

New Jersey

e New Jersey Ground Water Quality Standards (NJGWQS) (NJAC 7:9-6)
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Action and location-specific ARARs do not apply to the no action alternative
because it will not involve any discharge or impact to wetlands or Site features. The
same is true for location-specific ARARS, because no action is taken for this alternative.
The status of the location is not affected.

The most applicable and conservative ARAR for this alternative is the NJGWQS,
which is consistent with the RAO described above. Review of historical data reveals that
lead and cadmium concentrations are gradually declining in groundwater without active
intervention.

The approximate rate of decrease in the lead and cadmium concentrations from
groundwater derived from the data is approximately one order of magnitude in fifteen
years. More detailed rate analysis is unavailable, because the frequency and regularity of
groundwater sampling has been relatively low. By extrapolation, groundwater will likely
meet RAOs within approximately 30 to 50 years under the no action scenario. It is
important to note that the previous RAO for lead was 15 pg/L based upon the practical
quantitation limit for lead analyses. Therefore, the reduction of the lead RAO to 5 pg/L
from 15 pg/L has essentially tripled the estimated length of time required to achieve the
RAO without active remediation..

Primary Balancing Criteria
Long-Term Effectiveness and Permanence

Based on the historical data, the reduction in concentrations of lead and cadmium
under the no action scenario will be permanent barring significant acidification of the
environment, such as could occur through unauthorized human-caused acid disposal on
the Site, which could resolubilize some of the lead and cadmium that had adsorbed to
native soils. However, the implementation of institutional controls restricting the access
and such use of the Site will provide for a permanent remedy. Because lead and
cadmium have been documented to be essentially immobile at the Site, there is no need
for migration control and off-Site risks are not expected to occur.

Reduction of Toxicity, Mobility, or Volume

Based on the historical data showing decreasing concentrations of lead and
cadmium in groundwater, reduction of toxicity and volume of contaminants could be
achieved through the no action alternative. Over time, the lead and cadmium
concentrations in groundwater are expected to decline to below detectable limits, thereby
reducing both the toxicity and volume of contaminated groundwater. Because lead and
cadmium are virtually immobile in groundwater, there is little concern regarding potential
transport of lead and cadmium by groundwater at the Site.

The volume of impacted groundwater is expected to decrease in the future years.
The volume of water impacted by lead at concentrations above the RAO in 1983 was
" more than 100 million gallons. There were no cadmium data obtained in 1983.

N
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However, in 1988 cadmium was evaluated and approximately 83 million gallons of
groundwater contained cadmium at concentrations above the RAO. Today, there are
approximately 25 million gallons of groundwater impacted by cadmium and 5.5 million
gallons of groundwater impacted by lead at concentrations exceeding applicable
NJGWQSs. The volume of groundwater affected by lead is less than 10% of the
originally estimated volume and the volume of groundwater affected by cadmium is
approximately 30% of the originally estimated volume.

In 1983, the approximate mass of lead in groundwater at the Site was 220 pounds.
In 1988, the approximate mass of cadmium in groundwater at the Site was 70 pounds.
Using the 2007 data, CSI calculated the current mass of lead remaining in groundwater at
the Site to be approximately 1 pound and the approximate mass of cadmium remaining in
groundwater at the Site to be approximately 6.4 pounds. Therefore, the remaining mass
of lead in groundwater is currently estimated to be 0.5% of the 1983 estimate, and the
remaining mass of cadmium in groundwater is estimated to be 9% of the 1988 estimate.
Both the volume and mass calculations presented above demonstrate a dramatic reduction
in the lead and cadmium in groundwater at the Site without active remediation of
groundwater.

Short-Term Effectiveness

Based on reduced concentrations of lead and cadmium and the rate of
groundwater improvement inferred from the above information (i.e. one order of
magnitude in approximately 15 years), the no action alternative is estimated to require a
period of 30 to 50 years to achieve the RAOs. Therefore, in the interim, institutional
controls will be required to provide protection from impacted groundwater. -

Feasibility to Implement

The no action alternative is not feasible to implement as it would not monitor the
groundwater conditions at the Site and would thus not be protective of human health or
the environment.

Cost
There are only nominal costs associated with the no action alternative. Minimal

costs associated with administrative functions related to the ROD and institutional
controls are required.

Modifying Criteria
State/EPA Acceptance
Based on the lack of monitoring and the estimated time period to attain the RAOs,

the no action alternative will not likely satisfy state or EPA desires to return the Site to
productive use as soon as possible. Without monitoring, which is not included in the no
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action alternative, information will not be readily available regarding natural
improvement in groundwater quality or any changing conditions.

Community Acceptance

The local community has expressed interest in a beneficial reuse of the Site.
Therefore, it is assumed that the local community would prefer a remedy that at a
minimum requires monitoring groundwater quality to determine achievement of RAOs
and limited to no institutional controls restricting potential future uses of the Site.

33 Monitored Natural Attenuation (MNA)-Alternative 2

3.3.1 Description of MNA

The evaluations performed since the RI show that lead and cadmium are
disappearing from groundwater at the Site without migrating to downgradient locations.
The decline in the areas of impacted groundwater and concentrations of lead and
cadmium are the result of natural attenuation, which is caused by naturally occurring
geochemical and possibly biochemical reactions in the subsurface. Monitored natural
attenuation is a viable remedy for groundwater at many sites and may be appropriate for
this Site. EPA® defines MNA as:

The reliance on natural attenuation processes to achieve Site-specific
" remediation objectives within a time frame that is reasonable compared to
that offered by other more active methods. B

Biochemical reactions, dispersion, dilution, and sorption processes that occur
naturally in the subsurface are believed to be continually removing lead and cadmium
from groundwater at the Site. MNA implementation at the Site would incorporate
guidance - from Monitored Natural Attenuation of Inorganic Contaminants in
Groundwater, Volumes I and II (EPA, 2007) [MNA guidance document]. This document
provides technical guidance for determining whether MNA is an effective approach for
remediating groundwater impacted with inorganic constituents at a particular site.

The MNA guidance document (EPA, 2007) identifies a tiered analysis approach
for reducing uncertainty in the remedy selection process while distributing costs to
address four primary issues including:

1. Demonstration of active contaminant removal from groundwater and dissolved
plume stability; .

2. Determination of the mechanism and rate of attenuation; :

3. Determination of the long-term capacity for attenuation and stability of
immobilized contaminants; and

S EPA’s Office of Solid Waste and Emergency Response (OSWER) Directive titled “Use of MNA at
Superfund, RCRA Corrective Action and Underground Storage Tank Sites” (Directive No. 9200.4-17p).
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4. Design of a performance monitoring plan, including defining triggers for
assessing MNA failure and establishing a contingency plan. (EPA, 2007)

Most of the technical evaluations which satisfy the tiered analysis approach
outlined above were presented in the Phase II Technical Memorandum [GeoSyntec,
2000]. The technical evaluations performed in the Phase II Technical Memorandum
were requested by members of the USEPA Office of Research and Development,
National Risk Management Laboratory (USEPA Risk Management Lab) subsequent to
review of the Phase I Technical Memorandum [GeoSyntec, 1998]. The
recommendations made by the USEPA Risk Management Lab were designed to assess
the on-going natural attenuation of constituents in groundwater at the Site.

The MNA alternative would also entail the implementation of institutional
controls to limit access and potential use of impacted groundwater at the Site. This would
protect human health and the environment until RAOs are achieved. The MNA
alternative is evaluated in further detail in Section 3.3.2.

3.3.2 Evaluation of MNA

The following MNA evaluation was performed using the tiered analysis approach
presented in the MNA guidance document [EPA, 2007] outlined above.

3.3.2.1 Demonstration of Active Contaminant Removal from Groundwater and
- Dissolved Constituent Stability

As shown on Figure 4 (cadmium) and Figure 5 (lead), the approximate area of
impacted groundwater at the Site have decreased with time. There are no data to suggest
‘that lead or cadmium have migrated in groundwater from the Site.” Similarly, the data
provided in Table 2 reveal generally decreasing concentrations of lead and cadmium in
groundwater. o

The historical groundwater data provided in Table 2 show that the concentrations
of lead in groundwater have declined when compared to data obtained prior to 2004. The
following exceptions to the declining concentration trends were noted, but they are not
believed to be material evidence of contrary trends and instead are considered aberrant
detections commensurate with the large area of the Site and long period through which it
has been monitored.

»  Data from three wells (34, ND, and NS) appear to be inconsistent with the favorable
trend noted in the data. Total lead concentrations in groundwater samples from
these three wells were apparently higher in 2007 than in 2004. However, when the

7 Groundwater migrates but does not appear to transport lead or cadmium to off-Site areas. Therefore,
while groundwater in an area on the Site is affected by low pH values and contains total and dissolved
concentrations of lead and cadmium, the lead and cadmium are not being transported with groundwater as
it migrates. As a result, the impacted areas have remained stationary on Site and as a result of naturally
occurring attenuative processes, the impacted areas have diminished in size.
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groundwater samples from wells 34, ND, and NS were analyzed for dissolved lead,
no dissolved lead was detected, indicating that the apparent concentrations of total
lead are most likely related to turbidity and are not truly representative of
groundwater quality.

=  Groundwater samples obtained from wells OS, SS, and SD exhibited decreased total
lead concentrations from 2004 to 2007. However, at these locations, where
groundwater pH has historically been very low, the concentrations of dissolved lead
compared to previous sampling events were apparently higher. At well SD, the
dissolved lead was reported at a concentration higher than the total lead
concentration, which is not possible as a true result. Therefore, the data for well SD
are considered suspect.

= Monitoring wells OS, SS, and SD are located in the portion of the Site (near or
downgradient from the former battery breaker where sulfuric acid is believed to
have been released during battery recycling operations) which exhibits some of the
lowest groundwater pH values. Monitoring well OS had the lowest reported
groundwater pH in 2007. The dissolved lead concentrations at these locations are
likely attributable to the acidic nature of the groundwater.

Other than these exceptions, the samples from the remaining twenty-three
monitoring wells produced analytical results that showed that lead concentrations were
stable, decreasing, or not detectable. :

A review of the historical cadmium data provided in Table 2 also shows
decreasing concentrations in samples obtained from all but two monitoring wells (23 and
KDR) when compared to data obtained prior to 2004. The sample obtained from
monitoring well 23 in 2007 showed a decreased concentration of total cadmium, but an
increase in the dissolved cadmium concentration. The sample obtained from monitoring
well KDR showed an increase in both total and dissolved cadmium concentrations in
2007. However, it is important to note that monitoring well KDR was replaced prior to
the 2004 sampling event; thus, comparisons to historical data prior to 2004 for
monitoring well KDR may be misleading, but show, as do the overwhelming weight of
the remaining data, improvements in groundwater quality.

Groundwater samples obtained from other monitoring wells, such as 31, 33, JS
and OS contained concentrations of cadmium that were flagged “J” estimated. Also,
previous cadmium data from wells 31, 33, JS and OS were also flagged “J” estimated or
“B” indicating blank contamination. Thus, it is not possible to perform a trend analysis
of the estimated or qualified data for these wells. Therefore, with the two exceptions (23
and KDR) twenty-seven of the twenty-nine wells that were sampled exhibited decreasing,
non-detectable, or similar cadmium concentrations in 2007.

For these reasons, it appears that lead and cadmium are effectively being removed
from groundwater without active remediation by natural attenuation processes. Therefore,
MNA is believed to be a viable remedy for the Site.
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3.3.2.2 Determination of the Mechanism and Rate of Attenuation

Studies have been conducted at various sites to evaluate the mechanisms and the
rate of attenuation of metals in groundwater. For example, Yong et al [1993] determined
that:

“4t high soil solution pH values, retention of heavy metals by precipitation
mechanisms prevails, whereas at low soil solution pH, retention by cation exchange
mechanisms becomes dominant.”

A study of the CEC of the soil at the Site revealed that the soil has the capacity to
adsorb the lead and cadmium present in groundwater at the Site. As discussed in Section
1.2.4, the adsorption capacity of the aquifer materials at the Site was evaluated as part of
the Phase II evaluation, and the results of the CEC analysis are included in Appendix C.
As also stated in Section 1.2.4, the capacity of aquifer material to absorb lead is more
than sufficient at the Site for groundwater remediation purposes.

Much of the natural attenuation of lead and cadmium occurs through cation
exchange. In areas where the groundwater and soil pH equilibrates to a higher pH over
time, precipitation is also effective.  The presence of iron and manganese
oxide/hydroxide coatings on soil particles in the subsurface at the Site were identified. as
described in Section 1.2.4 and Appendix B. The iron and manganese oxide/hydroxide
coatings provide adsorption sites in the soil for lead and cadmium. L

_ Previous studies have shown that the soil at the Site has the CEC and requisite
jron/manganese soil coatings to adsorb the constituents present in groundwater at the
Site. Data showing the disappearance (e.g., declining concentrations) of lead and
cadmium from groundwater is evidence of the attenuative capacity of the subsurface of
" the Site. The rate of attenuation of these constituents is estimated as the approximate rate -
~ of disappearance of lead and cadmium from groundwater. Based on the data obtained to
date, the rate is approximately one order of magnitude in fifteen years. By extrapolation,

- groundwater will likely meet RAOs within approximately 30 to 50 years under the no
action scenario. The same is true for the MNA alternative. :

It is important to note that the previous RAO for lead was 15 pg/L based upon the
practical quantitation limit for lead analyses. Therefore, the reduction of the lead RAO to .
5 pg/L from 15 pg/L has significantly increased the length of time required to achieve the
RAO under the no action or MNA alternatives.

© 3.3.2.3 Determination of the Long-Term Capacity for Attenuation and Stability of
Immobilized Contaminants

The results of the Phase II evaluation documented that the soil has more than
enough capacity to adsorb the remaining lead and cadmium present in groundwater at the
Site. The stability of the immobilized constituents is directly related to the pH of
groundwater at the Site and the geochemical reactions that occur. Included in the Core
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Laboratory report provided in Appendix B is a sequential extraction analysis. This
analysis used sequentially more acidic solutions to extract cadmium and lead from the
soil samples provided. The study concluded that a solution with a pH of less than 2 was
needed to extract cadmium and lead from the soil samples at detectable concentrations.
The study verifies that after adsorption of lead and cadmium onto native soils, it would be
reasonably permanent because conditions causing an ambient groundwater pH of 2 or
less are very unlikely to occur at the Site. In fact, envisioning a condition that would
cause pH values of groundwater at the Site to reduce to pH 2 or less requires envisioning
a catastrophic and unforeseeable occurrence. Institutional controls would need to be in
place to prevent persons from drinking groundwater until RAOs are achieved.

3.3.2.4 Performance Monitoring Plan

MNA for the Site would initially entail quarterly groundwater monitoring for total
and dissolved lead and cadmium as well as other required MNA water quality parameters
(i.e. chloride, nitrate, sulfate, ferrous iron and total alkalinity) at the wells identified in
Table 3. The existing monitoring well network would be enhanced by the addition of two
monitoring wells to provide additional data along the western perimeter of the Site, as
shown on Figure 7. Figure 7 also depicts the locations of the proposed existing and new
monitoring wells to be sampled. With the addition of the two new monitoring locations,
the monitoring well network will meet the MNA criterion for a monitoring well network
outlined in the Use of MNA at Superfund, RCRA Corrective Action and Underground
Storage Tank Sites guidance document produced by the EPA in 1999. The criterion
outlined in this EPA guidance [EPA, 1999] includes: '

o The ability to verify that the impacted zones of groundwater are not expanding
(either downgradient, vertically or laterally);
The ability to verify no unacceptable impact to downgradient receptors;
" Demonstrate that natural attenuation is occurring according to expectations;
Identify any toxic and/or mobile transformation products; '
Detect changes in environmental conditions (i.e. hydrogeologic, geochemical,
microbiological or other changes) that may reduce the efficacy of natural
attenuation process; :
e Detect new releases of chemicals to the environment that could impact the
effectiveness of the natural attenuation remedy;
e Demonstrate the efficacy of institutional controls that were put in place to protect
potential receptors; and :
e Verify attainment of remediation objectives.

Sampling would be conducted as defined in CSI’s Groundwater Monitoring Plan
for the NL Industries Superfund Site [CS], 2006] to provide the data needed to evaluate
MNA. The plan outlines sampling methods and quality assurance procedures to be
performed. The plan would be modified to include additional analyses required to satisfy
the MNA criterion (i.e. by adding sulfate, nitrate, chloride). A letter report documenting
the results of each quarterly sampling event would be provided to the EPA following
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each event. At the end of one calendar year of sampling, recommendations would be
made to modify the sampling program based upon the data obtained.

3.3.2.5 Proposed Triggers for Determining MNA Failure or Success

The anticipated triggers for determining failure of the MNA remedy at the Site
would be the confirmed detection of lead and/or cadmium at a location where no
detections were previously reported and/or an order of magnitude increase in
concentration of any COC at any well. The MNA remedy would be considered a success
provided the concentrations of the COCs trend downward over time such that even with
some perturbations and variations in COC concentrations and trends, the weight of
evidence indicates improving groundwater quality. MNA would be considered complete
when all sampled wells contained no COCs above the RAOs for the Site as outlined in
Table F of the ROD [EPA, 1994] included in Appendix A.

&

3.3.2.6 MNA Contingency Plan

Should the MNA remedy show failing results, a contingency plan should include
the evaluation of failure, which may include additional sampling and analyses and/or the
installation and sampling of additional wells. If necessary, a more active remedial
alternative such as reagent injection, as discussed herein, may need to be initiated. The
implementation of the proposed alternative remedy would be addressed in a work plan
submitted to EPA for approval. : :

- Threshold Criteria .
Overall Protection of Human Health and the Environment
The MNA alternative, coupled with institutional controls restricting access to and

use of groundwater in the unconfined aquifer in the affected area of the Site, would be
protective of overall human health and the environment. By restricting access and by
restricting use of the impacted groundwater, human health will be protected. The limited
mobility of lead and cadmium in groundwater at the Site will ensure that impacted
groundwater does not migrate from the Site. Long-term groundwater monitoring would
be performed as part of efforts to ensure the effectiveness of the remedy.

Compliance with ARARs

The ARARs identified for this alternative include the following chemical-specific
ARARS; location and action-specific ARARs do not apply to this alternative:

Potential Chemical Specific ARARs:
Federal

e Clean Water Act, Water Quality Criteria
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e RCRA Ground Water Protection Standards (40 CFR Part 264.94)
e Federal Water Quality Criteria (51 Federal Register 436665)

New Jersey
e New Jersey Ground Water Quality Standards (NJGWQS) (NJAC 7:9-6)

The most applicable and conservative ARAR for this alternative is the NJGWQS,
which is consistent with the RAOs described above. Similar to the no action alternative,
groundwater is estimated to meet RAOs within approximately 30 to 50 years under the
MNA scenario. The groundwater monitoring program will provide ample opportunities
to document effectiveness (i.e. RAO attainment) and any changes that may occur in
groundwater.

Primary Balancing Criteria
Long-Term Effectiveness and Permanence

The long-term effectiveness and permanence of this remedy are excellent. As
demonstrated by the historical data provided in Table 2 and illustrated in Figures 4 and 5,
lead and cadmiuim are relatively immobile in groundwater at the Site. As the pH levels in
the central portion of the Site (particularly near wells OS and KS/KD) increase over time,
lead and cadmium are expected to continue to adsorb onto soil particles. Iron and
manganese oxide/hydroxide coatings on soil particles at the Site provide adsorption sites
and capacity. The aquifer materials contain more than sufficient capacity to adsorb the
amount of lead and cadmium present in groundwater at the Site, without adverse impact
in soil. The transfer of lead and cadmium from groundwater to aquifer materials at the
Site is desirable and permanent provided that substantial acidification of the soil and

- groundwater (e.g. reduction of pH to less than 3) by human activity does not occur in the

future.
Reduction of Toxicity, Mobility, or Volume

As indicated, it is anticipated that RAOs will be achieved within 30 to 50 years.
Toxicity, mobility, and the volume of lead and cadmium-impacted groundwater will
steadily decline to insignificant levels in the same period.

The limited mobility of lead and cadmium in groundwater has been documented
through historical groundwater monitoring (the data are provided in Table 2 and are
shown in Figures 4 and 5). These data demonstrate that the area of “impacted
groundwater containing elevated concentrations of lead and cadmium has remained
generally in the same location but has decreased in volume since 1983.

" The volume of impacted groundwater has declined considerably since the 1980s.
The current mass of lead remaining in groundwater at the Site was calculated to be 0.5%
of the mass in 1983. The current mass of cadmium in groundwater at the Site was
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calculated to be 9% of the 1988 mass. Therefore, the volume of contaminated
groundwater at the Site has reduced dramatically in little more than 20 years without
active remediation efforts.

Short-Term Effectiveness

The MNA alternative is estimated to require a period of approximately 30 to 50
years to achieve the RAOs. Therefore, in the interim, monitoring and institutional
controls will be required to provide protection of human health and the environment.

Feasibility to Implement

The feasibility for implementation of this remedy is excellent. The procedures for
performing the required groundwater monitoring are already in place with approved
groundwater monitoring and quality assurance plans [CSI, 2006]. Installation of
additional monitoring wells to satisfy EPA’s MNA monitoring well network criterion can
be accomplished through the use of a New Jersey licensed well driller. The
implementation of institutional controls is also feasible. There are no foreseeable
. technical obstacles to prevent implementation of the MNA alternative. '

Cost

CSI has developed a cost estimate to perform MNA at the Site, which is presented
in Tables 4 and 5. Table 4 presents the cost for performing one round of groundwater
monitoring at the wells identified in Table 3. Samples will be analyzed for total and
dissolved lead and cadmium and VOCs as well as the required MNA water quality
parameters (i.e. chloride, nitrate, sulfate, ferrous iron, and total alkalinity). - Table 5 -
includes the present worth cost of a thirty-year monitoring program. :

For purposes of the cost estimate, the monitoring program is assumed to require
two years of quarterly sampling, three years of semi-annual sampling and twenty-five .
years of annual sampling. The monitoring frequency would be adjusted based on the data
obtained, however these assumptions were used to develop the cost estimate provided in .
Table 5. A present worth of $1,113,537 is estimated for a thirty-year monitoring period
using the above assumptions. As discussed above in Section 3.3.1, CSI recommends the.
installation of two additional wells at the Site for adequate monitoring of the western
perimeter. This would entail an additional one-time cost of approximately $20,000.

Modifying Criteria -
State/EPA Acceptance

The MNA remedy for inorganics is becoming more commonly accepted by the
regulatory community as the technical evidence for natural attenuation processes are
being developed. MNA has long been deemed an acceptable remedial alternative at sites
where organic constituents are the concern. The issuance of the final EPA guidance
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document for MNA at sites with inorganic constituents in groundwater [EPA, 2007] will
further advance the acceptance by the regulatory community towards the MNA remedy
for inorganics in groundwater. It is anticipated that State and EPA acceptance for this
remedial alternative can be obtained, particularly since on-Site use of shallow
groundwater is unnecessary for foreseeable future Site uses.

Community Acceptance

The lack of intrusive work involved with this alternative, combined with the
protection of human health and the environment through leaving impacted groundwater
in place, is expected to be a benefit with the local community. However, the
implementation of institutional controls on the property, thereby possibly limiting some
potential future uses of the Site, may not be favored by the local community.

34  Reagent Injection — Alternative 3

3.4.1 Description of Reagent Injection

Reagent injection involves the introduction of a reagent into the water table
aquifer using existing monitoring wells and/or injection wells or well points to be
installed at a later date. The reagent applied will be selected based upon the results of a
bench scale treatability study (BSTS) and a field pilot study. Preliminarily, the results of
a BSTS reveal that phosphate reagents will be highly effective fot both lead and cadmium
in groundwater.. The use of phosphates for treating lead impacted soils and waters has
been widely used to immobilize inorganic constituents including lead. A field scale
study, to be conducted at a later date, should be used to confirm effectiveness at this Site
and assist in calculating parameters required for successful remediation (i.e. number of
well points, spacing, etc).

The reagent injection technique is based on the fact that metals dissolved or
entrained in groundwater may be immobilized by adsorption onto a substrate (i.e. the
native soil) and/or by incorporating the metal into a molecular structure (interculation)
which may then adsorb or become incorporated into soil as a complex or precipitate
[Water Remediation Technologies (WRT), 2007]. The injection of alkalinity provides
pH management to reduce the solubility of inorganic COCs, promote well-documented
adsorption and precipitation reactions between metals and natural or injected reagents,
and immobilize metals in the subsurface. Prior to the injection of reagents, sodium
hydroxide will be used to increase the pH of the groundwater in localized areas. to
promote subsequent removal of lead and cadmium from groundwater when the reagent is
injected. ‘

The locations at which the pH adjustment and reagent injection will occur will be
determined based upon the results of a pilot study and subsequent groundwater
monitoring. However, some proposed locations for reagent injection will most likely
include areas surrounding monitoring wells OS, KDR, KDS, SS, and SD. CSI envisions
installing a well point grid in these areas for performing the reagent injections. A
conceptual representation of the reagent injection process is presented on Figure 8.
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The effectiveness of the reagent injection alternative would be assessed by
periodic groundwater sampling and analysis. For cost estimating purposes, it is assumed
that quarterly sampling will be performed initially, followed by semi-annual and annual
sampling. The monitoring frequency will be modified based upon the data obtained
during the pilot study and initial post-reagent injection monitoring events. The
groundwater monitoring program would be similar to the program outlined above for the
MNA remedy.

3.4.2 Evaluation of Reagent Injection

Groundwater samples were obtained from wells JDR, JS, KDR, KSR, NS, OS,
SD, SS, 11, 23, 31, and 34 and analyzed for dissolved iron, total iron, alkalinity,
hardness, BOD, COD, chlorides, and sulfate in April 2007. The analytical data from
these samples, summarized on Table 6, along with the results from a bench scale
treatability study (BSTS) were used to evaluate the reagent injection alternative.

3.43 Bench Scale Treatability Study

CSI retained WRT to perform a BSTS on samples of groundwater obtained from
the Site. The purpose of the BSTS was to preliminarily identify reagents that effectively
cause a decrease in lead and cadmium concentrations in the water samples and to
tentatively estimate dosing requirements for field application. Based upon WRT’s
experience and expertise with treating inorganics in groundwater, the reagents tested
were limited to phosphates and sulfates. These reagents are the most technically viable
for the treatment of lead and cadmium in groundwater.

CSI obtained 5-gallon samples of groundwater from four representative wells
(0S, SS, SD, and KDR). The well locations were chosen based on the results of the
April 2007 groundwater monitoring event. Monitoring wells containing the highest
concentrations of lead and cadmium from the Site were chosen. The aliquots of

groundwater were sent to WRT to perform a BSTS. WRT performed the BSTS using
the following procedures: o S

e Separated aliquots of groundwater into multiple beakers;

‘o Added a known amount of a single reagent into each beaker and stirred using
gang stitrer or similar device at low revolutions per minute (<50); '
Monitored the formation of any precipitates; ‘

Filtered the supernatant and analyzed the supernatant for lead and cadmium
using EPA Method 200.8; ' '
e Evaluated results and varied reagent addition, as necessary.

WRT’s report containing the BSTS results is provided in Appendix E. The
following is a summary of the main findings of the BSTS:

o The three reagents tested were organosulfur (Test A), organosulfur with pH
adjustment (Test B) and sodium polyphosphate (Test C);
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e All three reagents were effective in reducing lead and cadmium concentrations in
the samples provided;

e Organosulfur with pH adjustment (Test B) and sodium polyphosphate (Test C)
both reduced lead and cadmium concentrations to below detectable limits for all
four sample aliquots;

e The cost for treatment of 1000 gallons of water using sodium polyphosphate is
dramatically less than using organosulfur with pH adjustment. *

In summary, the BSTS was successful in demonstrating that reagent injection
using sodium polyphosphate is a cost effective and viable remedial alternative for this
Site.

Threshold Criteria
Overall Protection of Human Health and the Environment

The reagent injection alternative will effectively protect overall human health and
the environment from the risks associated with elevated lead and cadmium concentrations
in groundwater at the Site by more rapidly and permanently reducing the concentrations
of lead and cadmium in groundwater. The remedy has the potential to more quickly
bring the concentrations of lead and cadmium in groundwater to below applicable
NJGWQSs, therefore eliminating any potential risk to human health and the environment
from impacted groundwater at the Site. Sodium polyphosphate is relatively non-toxic in
nature and is relatively easy to handle.

Compliance with ARARs

The following ARARs have been determined to be potentially applicable to this
alternative: :

- Potential Chemical Specific ARARs:
Federal
e Clean Water Acf, Water Quality Criteria »

e RCRA Ground Water Protection Standards (40 CFR Part 264.94)
¢ Federal Water Quality Criteria (51 Federal Register 436665)

New Jerse

e New Jersey Ground Water Quality Standards (NJGWQS) (NJAC 7:9-6)
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Potential Action Specific ARARSs

Federal

e RCRA Groundwater Monitoring and Protection Standards (40 CFR 264,
Subpart F)
e EPA Action Level for Lead in Drinking Water

Potential Location Specific ARARs
Federal

Fish and Wildlife Coordination Act (16 USC 661 et seq.)
National Environmental Policy Act (42 USC 4341 et seq.)
Endangered Species Act

Coastal Zone Management Act

Farmland Protection Policy Act

New Jersey

e New Jersey Rules on Coastal Resources and Development (7:7E-1.1 et
seq.)
e New Jersey Freshwater Wetlands Regulation

'The reagent injection alternative is compliant with all ARARs. It is believed that
NJGWQSs can be met for groundwater at the Site, based on the BSTS results, in less than
ten years using this remedial alternative, therefore achieving all ARARs considered for
this Site. This estimated timeframe for achieving ARARs can be further refined by
conducting a field scale pilot study. The use of the reagents in groundwater are not
anticipated to affect any other applicable chemical or location specific ARARs, however
groundwater monitoring would be performed to ensure that no other criteria are
exceeded.

Primary Bala_hcing Criteria
Long-Term Effectiveness and Permanence

The preferred reagent injection technology is to permanently remove cadmium
and lead from solution by precipitating them as metal phosphates. This removes the
contaminants from solution and provides groundwater that meets or exceeds the RAOs.

The metals are incorporated into a crystalline lattice using the phosphate
precipitation process. The crystalline lattice consists of calcium phosphate and either
lead or cadmium phosphate. Metal phosphates are highly insoluble [Nriagu, 1984] and, it
has been suggested, their low solubility renders metals in metal phosphates non-
bioavailable [e.g. Ma et al., 1993; Cotter-Howells and Caporn, 1996]. Over the long-
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term, it is anticipated that the pH levels in groundwater at the Site will equilibrate to
ambient levels, typically between pH 5 and 6. The ambient pH will not cause any
significant resolubilization of lead or cadmium after the metals have reacted to form
metal phosphate compounds and/or they have adsorbed to native soils. Only
extraordinary circumstances, such as unauthorized acid disposal onto the ground surface
at the Site, could potentially cause the pH of groundwater to become acidic enough to
resolubilize the cadmium and lead.

Included in the Core Laboratory report provided in Appendix B are the results of
a sequential extraction analysis performed on soils from the Site. This analysis used
sequentially more acidic solutions to extract cadmium and lead from the soil samples that
were tested. The study concluded that a solution with a pH of less than 2 was needed to
extract cadmium and lead from the soil samples at detectable concentrations. The study
verified that after adsorption of lead and cadmium onto native soils, it would be unlikely
that the metals would resolubilize. The phosphate precipitates also formed through
reagent injection would be of comparable solubility and thus the interculation of
cadmium and lead in these precipitates may be regarded as permanent. Therefore, the
long-term effectiveness and permanence of the reagent injection alternative are excellent.

Reduction of Toxicity, Mobility, or Volume

The formation of metal phosphates is known to remove cadmium and lead from
solution and is used to treat groundwater to meet the RAOs. The metals are adsorbed
onto native soils or incorporated into metal phosphate compounds . using the reagent
injection process. Precipitation and adsorption is done in-situ, so there are no wastes
produced through this treatment process. :

‘The volume of impacted groundwater is expected to continue decreasing as is
evident though analysis of historical data provided in Table 2 and Figures 4 and 5. The
volume of impacted groundwater at the Site is approximately 25 million gallons.
Reagent injection is anticipated to increase the rate of reduction in volume of impacted
water. It is anticipated with reagent injection that the volume of contaminated
groundwater can be reduced to approximately zero in less than 10 years using reagent.
injection (compared to 30 — 50 years without active remediation). The low
concentrations of VOCs currently present at the Site will continue to degrade naturally .
* after implementation of the reagent injection alternative. ~The reagent injection
alternative is not anticipated to adversely affect VOC concentrations.

Short-Term Effectiveness

Reaction rates are rapid and removal of lead and cadmium from solution is
accomplished within minutes of promoting the reaction. Based upon the low
concentrations of lead and cadmium measured in groundwater at the Site during the April
2007 groundwater monitoring event, it is believed that RAOs can be met in less than ten
yeats using this remedial alternative.
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Feasibility to Implement

The technology is simple and easy to implement. The reagents are safe and can
be applied with standard personal protective equipment. The reagents can be injected
relatively easily into the shallow, sandy Site subsurface using a Geoprobe™ to install
well points and the reagent can be pumped or poured into the well points from small
containers. Reagents are relatively inexpensive and readily available.

Cost

Costs for the sodium polyphosphate reagents as estimated in the BSTS [WRT,
2007] are between $1 and $9 per 1000 gallons treated (a median cost of $5 was used for
this cost estimate). The actual cost is contingent upon the number of injections required
to treat the 25 million gallons of impacted groundwater at the Site. CSI assumed that
four injections over the course of one year will be sufficierit to achieve RAOs for lead
. and cadmium in groundwater at the Site. This estimate can be refined after field scale
studies are conducted. It will also be necessary to adjust the pH of the impacted
groundwater to be higher than 3 and preferably to between 8 and 9. The volume of
sodium hydroxide (NaOH) required to adjust twenty-five million gallons of water from a
pH of 3 to 4 to between 8 and 9 is approximately 5,000 pounds. Table 7 provides an
estimate for performing the four reagent injections and pH adjustment. Table 8 provides
a present worth cost calculation for performing this work. The present worth cost for

performing the reagent injection alternative as described above is approximately
$882,325. ' : ‘

The costs for performing associated groundwater monitoring activities are not
included in Tables 7 and 8. However, based on the scope for the MNA remedial .
alternative described above and using a monitoring period of ten years (estimated to be
two years of quarterly monitoring, three years of semi-annual monitoring, and five years
of annual monitoring), the cost for performing groundwater monitoring is approximately
$650,000. Monitoring frequencies will be adjusted based upon the pilot study and post-
reagent injection sampling results. .

Modifying Criteria -

A pilot study is necessary to estimate costs and determine the radius of effective
reagent distribution (radius of influence) and the number of times injection will be
required. The subsurface pH must be adjusted into the alkaline range (8-9) prior to
injecting phosphate reagent. Excessive subsurface acidity could increase consumption of
alkali and increase cost. However, initial treatability study data presented in Table 6
indicates nominal acidity levels therefore it is unlikely that alkali costs would increase.
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State/EPA Acceptance

Metal phosphate precipitation has been employed at numerous sites for in-situ
removal of toxic metals from solution. The technology is recognized as effective by
EPA.

Community Acceptance
No objections are anticipated as the reagents are safe and NSF (National
Sanitation Foundation) approved for drinking water contact. The reagent injection
alternative also has the added benefit of requiring institutional controls for shorter periods

of time when compared to other potential remedies.

35 Permeable Reaction Barrier — Alternative 4

3.5.1 Description of Permeable Reaction Barrier

A permeable reaction barrier (PRB) is composed of a trench filled with a reactive
substance that reacts with and removes metals, in this case cadmium and lead, from
solution as the groundwater containing lead and cadmium passes through the barrier. The
PRB can be a continuous barrier or it can be constructed using the funnel and gate
concept. In the funnel and gate, a predominately impermeable material is used to form a
curtain or barrier wall (funnel) to channel groundwater into a PRB (gate). The PRB is an
underground vault containing reactive material. Theoretically, impacted groundwater is
directed through the PRB where it is treated. However, to be effective, the constituents in
groundwater must be sufficiently mobile to be transportable by groundwater into the PRB
otherwise no treatment is achieved. A cross-section of an example PRB is shown as
Figure 9. A possible location for a PRB at the Site is shown in Figure 10. :

At the Site, the PRB would be constructed using calcium hydroxyapatite (€.g.
seashells or fish bones). Theoretically, metals are incorporated into the hydroxyapatite-
_based minerals through chemical reactions. The reactions are the same as or similar to
those involved in the injection of phosphates discussed above in Section 3.4 under the
reagent injection alternative. The actual effectiveness of the PRB at the Site would
depend upon. the mobility of lead and cadmium in groundwater, which has been
documented to be low, if not zero (Figures 4 and 5).

'3.5.2 Evaluation of Permeable Reaction Barrier

PRBs may be constructed using a variety of reactive materials. Recent studies.
have shown Apatite II™ to be effective for the removal of lead and cadmium from runoff
from mine tailings. EPA and the Idaho Department of Environmental Quality (IDEQ)
demonstrated the feasibility of PRBs at the Success and the Nevada Stewart Mines in
Idaho. In these studies, the investigators dealt with runoff from mine tailings. The runoff
contained lead, cadmium, and zinc. Unlike groundwater at the Site, the runoff from the

CS1 Environmental, LLC 41 FFS Report
www.contactcsi.com 9/8/2008



Focused Feasibility Study
NL Industries Site
Pedricktown. New Jersey

mine tailings readily transported dissolved lead, cadmium, and zinc such that it was
readily directed to flow through the PRB.

Apatite IT™ is “a special form of biogenic apatite” that is highly reactive [Wright
and Conca, 2002]. Metal-phosphates, which form from the reactions of metals like lead
and cadmium, are highly insoluble minerals and are the same minerals formed in the
BSTS performed for the reagent injection alternative discussed above in Section 3.4.
Reacting lead and cadmium with phosphates will cause them to precipitate and adsorb
out of the water column.

The Success Mine PRB reduced the concentrations of lead, cadmium, and zinc
that flowed through the PRB. However, the reactive media was prone to clogging.
Several techniques were used to limit clogging with varying degrees of success including
mixing gravel or plastic packing rings with the medium and injecting air. Similar results
were reported for the Nevada Stewart Mine Site [MSE Technology Applications Inc,
2007]. Copies of the papers reviewed for the case studies described above are attached as
Appendix F.

It is important to note that both case studies discussed above were